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Abstract 

The set of renormalisation group equations to two-loop order for general super symmetric 
theories broken by soft and supersoft operators is completed. As an example, the explicit 
expressions for the RGEs in a Dirac gaugino extension of the (N)MSSM are presented. 

1 Introduction 

Models with Dirac gaugino masses are attractive for a number of reasons. From a top-down 
model-building perspective, this is because they preserve R-symmetry, and so allow for 
simple supersymmetry-breaking sectors. This has attracted much interest in the literature 
[TH29j. On the other hand, if gauginos are found at the LHC, it must be determined whether 
they are of Majorana or Dirac type [25, 30— 33J . Moreover, with the current results from the 
LHC, Dirac mass terms allow the preservation of naturalness by having lower bounds on the 
gluino and squark masses in the Majorana case (they are "super-safe" [27]); by increasing 
the Higgs mass due to additional couplings [HEHTJUH] ; and because they do not cause the 
Higgs masses to run as strongly [HEHM]. 

Particularly out of a desire to study the naturalness and Higgs sectors of such theories, 
it is important to know the renormalisation group equations (RGEs) for them. The purpose 
of this paper is to complete the set of RGEs to two-loop order. 

The standard soft supersymmetry-breaking mass terms are well known: 

^standard = " \(rn 2 ))^ - ^MX A X A - ^ <k<t>3 ~ ^'Vi^fc + h.C. (1.1) 

where the <fii are the scalars of chiral multiplets $j = (j>i + ^/2{9ipi) + ... and cf) 1 = (4>i)*; \a 
are gauginos. The above includes Majorana gaugino masses M. However, Dirac gaugino 
masses fall under the category of "non-standard" soft terms: 

^non-standard = ~ ~ rn l ^iX A - -V V fc 0j0 j<j> k + h.C. (1.2) 

General choices of these terms will lead to quadratic divergences in singlet tadpoles, and 
this has often led to the terms being neglected or only included in theories without singlets. 
However, to give a Dirac mass to the Bino, a singlet superfield must be included, so it is 
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necessary to worry about this issue. On the other hand, when supersymmetry is sponta- 
neously broken, the expectation is that no quadratic divergences should be generated, and 
indeed it is generically found that only supersoft [3] operators are generated: 

^-supersoft — ^ 

/ d 2 eV2m^e a ^iW Aa + h.c. 

D-m%il)i\A + V2m#<j>iD A + h.c, (1.3) 

where Da is the D-term of the gauge group to which the adjoint couples with adjoint index 
l A\ They lead to a particular structure of non-standard soft terms such that the quadratic 
divergences exactly cancel. These interestingly augment supersymmetric trilinear couplings; 
including a superpotential 

w =l% + + iytf**.^** (1.4) 

the non-standard trilinear couplings are 

r tj k =Y ljm ^ mk + V2g(m DiA (t A ) k + m DjA {t A ) k ) (1.5) 

where (t A )j are the generators of the gauge group. Of course, the supersymmetric terms 
do not generate quadratic divergences - these are cancelled by fermion loops - and only 
receive wavefunction renormalisation. The would-be quadratic divergences from the non- 
supersymmetric, supersoft, piece are not cancelled by fermion loops but instead vanish when 
they are all summed. 

If there is a Fayet-Iliopoulos (FI) term £y (where Y denotes a U(l) index) then a 
contribution to the tadpole is generated of 

At a =V2m a Jfr- (1.6) 

Typically, however, any FI term generated can be absorbed into the soft masses; this equa- 
tion shows that in the presence of Dirac gaugino mass terms it should also be absorbed into 
a shift of the tadpole. Interestingly, there is also a supersymmetric term that emulates a 
tadpole equal to C D —fi lJ Ljcfti + c.c; of course this only has wavefunction renormalisation, 
just as for the trilinear terms above. 

An important point is that the supersoft operator also generates contributions to the 
standard soft breaking terms via the self-coupling: from integrating out the auxiliary L>-field 
there are terms 

CD- (m^^i + rriDiA<i> % ){™? D <t>j + rn DjA (jy>) (1.7) 

and so 

Aim 2 )) =2m%m DjA = 2{m 2 D )) 

AB lj =2rrj£m jA = 2(m 2 D ) lj . (1.8) 

The two-loop renormalisation group equations (RGEs) for standard SUSY-breaking 
terms were derived some time ago [35H37] , and later the generic RGEs for non-standard soft 
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terms were calculated in the absence of singlets |38|l39j. They also found that restricting 
the non-standard terms to only be generated from supersoft operators defined a renormal- 
isation group invariant trajectory, explained by the holomorphic nature of the supersoft 
operator. This means that equations (|1.5|) and (|1.8p are true at any renormalisation scale. 
The supersoft operator only obtains wavefunction renormalisation, so its beta-function is 

Pm« =^>D + J™D (1-9) 

where 7*- is the anomalous dimension of the adjoint superfield, and f3 g is the beta-function 
for the gauge coupling. Thus in a theory with Dirac gaugino mass terms, the RGEs for 
the standard soft terms can be found and evolved ignoring the Dirac gaugino mass, and 
then at the scale of interest the shifts (|1.8p can be applied to find the physical masses. In 
a theory without gauge singlets, this is then enough to determine all of the RGEs in the 
theory. However, when there are singlets - such as when there is a Dirac mass for the Bino 
- the RGE for the tadpole is also required, which is a non-standard term so may depend 
upon the Dirac gaugino mass, and not just via the above shifts. Considering that the singlet 
superfield may couple to the Higgs via a term 

W D A 5 SH U -H d (1.10) 

it is clear that knowing the size of the singlet tapdole (indeed, ensuring that it is not too 
large, since it is not protected by R symmetry for example) is vital in order to investigate 
electroweak symmetry breaking and determine the Higgs mass. The main result of this 
paper is to determine these RGEs to two-loop order. 

In section [2] the result is presented, with an explanation of how the different terms arise. 
The method used is that of Martin and Vaughn [36] . deriving the RGE for a tadpole in 
a general renormalisable theory from the expressions given in [40H43] . then specialising to 
the softly broken super symmetric case, transforming from MS to DR . To do this the rules 
given in [33] will be used, and augmented with a new rule for Dirac gaugino mass terms. 
In section [3] and the appendix the RGEs are derived for a minimal Dirac gaugino extension 
of the supersymmetric standard model with rather general couplings. 

2 Tadpole RGEs 

There are several ways to derive the RGEs for softly broken supersymmetric models: by 
diagrams in component fields; by supergraphs; by RG invariance of the effective potential 
[38] : or by translating the results from a general renormalisable theory into the broken 
supersymmetric case. This last approach is the one adopted here, although the one-loop 
result was checked via the effective potential method. 

2.1 Tadpole in non-supersymmetric theories 

The first step in calculating the tadpole is to write down the expression in general non- 
supersymmetric theories. This can be derived using spurions from the RGEs for the quartic 
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coupling in a general renormalisable theory given in 
4> a and complex fermions ipi has couplings 

1 



. Such a theory with real scalars 
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6 ^^"^ 2 
(mf)ij(ipiipj) + (Y a )ij(f) a (ipiipj) + h.c. 



(2.1) 



in addition to a gauge coupling g. 

The one-loop tadpole RGE is found to be 

(4vr) 2 /3 ta =2KY 2 (S) ab t b + h aef m 2 ef - AkTt (Y a m\m f m\) - 4KTi(Y^m f m\rn f ) 

where k = 1/2 for Weyl fermions (or 1 for Dirac fermions) and 

Y 2 (S) ab =-Tr{Y^ a Y b + Y^Y a ). 
The two-loop tadpole RGE is 

+ h aef m 2 eg (8g 2 C 2 f9 - 4KY 2 (S) fg ) - —h ae fh egh hf gh - g 2 m 2 ef X aegh hf gh 
+ 4k (2H X a + B Y a + 2H Y a + 2Hl - g 2 H F a 



(2.2) 



(2.3) 



(2.4) 



where now C^ g is the quadratic casimir of the gauge group for the representation carried 
by fields / and g, and 

(iPti ^KcdeXbcde ~ ^Tr(Y a Yt&yc ytC) _ KTr (Y a Y^Y b Y^) + W^(C 2 Y a Y^ b ) + c.c. 



H X a =2h aef Tr(m f Yi e m f Y^ f ) + 4mLTr(Y a Y te m / Y t/ ) + c.c. 
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y 1 



Tr(y 2 (i r )mjF mJm/ + y 2 (F)m^m / mj.y a ) + c.c. 



Here 



2 ■> 
Hi =Tr(y a m^y e mj.m / y te ) + c.c. 

4Tr(C 2 y a m|.m/?nJ.) + c.c. 



+ 2y te ?n / y te y a mj.m / + Y ]e m f Y^ e m f Y ]a m } ) + c.c. 



(2.5) 



y 2 (F)« =(y fa y%-. 



(2.6) 



2.2 Translating from MS to DR' 

To specialise the above expressions to the super symmetric case, they must be transformed 
to a complex basis (by summing repeated indices over both raised and lowered indices al- 
ternately) and insert the SUSY couplings. These can be written as block diagonal matrices, 
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with the top row/left column corresponding to gauge indices, and bottom row/right column 
matter indices. The Yukawa matrices become 

Y-V2a( °. ^0 Y^-V2a( ° ( ^ 

\ „ t / 



¥ ' = {o rw ) Y ' = {o v m ) (2J) 

where {t A )\ are the gauge generators. With the definitions 

(Y 2 )t =Y acd Y bcd 

S 2 5 AB ={t A )l(t B )) (2.8) 



then 

Y 2 (S) a b ^(Y 2 r b +4g 2 C 2q f 



W - ( ^ 1 «*n. , v : ) • (2-9) 



9 2^c 2 + y 2 

The fermion mass terms then become 

M 1 mf 4 



™/ = liB M ■ (2-10) 



The one-loop corrections from translating from MS to DR' only modify the fermionic 
part. Specialising to the case of interest, where 'a' is a singlet index, the corrections to the 
couplings are [35] : 

g 2 g 2 

^ + 32^ + ^UnfMj = 32^2 i^ 2 '^ 
M -»M + -£- 2 C2(G)M = ^- 2 {C 2 , M} 



/> '-*-/-! 



l + ^[C 2 (i) + C 2 (A ; )] 



Y a ->0. (2.11) 

For general Yukawa couplings (not involving a singlet) there are additional contributions; 
there is also a shift for general quartic couplings. However, they will not be relevant here. 

For the Dirac gaugino mass, there is a similar transformation derived via the same 
technique: 

g 2 g 2 

m Di A -tm D iA + Y^C 2 (G)m Di A = m DiA + ■^^{C 2 ,m DiA } (2.12) 

and hence 

g 2 

m f -trrif + {C 2 , m/}. (2.13) 
Note that there is no difference for the scalar trilinear couplings r lJ k , r- k between MS and 



DR , just as there is none for the couplings A %d 
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2.3 Result 



The expressions can now be transformed to the SUSY basis and the shifts applied as de- 
scribed in subsection 12.21 to the expressions for the non-susy tadpole RGEs in subsection 
12. II to obtain the RGEs for the tadpole in the theory described by equations (jl.ip . (|1.2p and 
(jl.4p . After a large amount of tedious algebra, the result for the tadpole beta- functions can 
be simply written as 



(2.14) 



(i) 

where i is the loop order, X$ is the tadpole beta- function involving only standard soft 
terms, given by 

=(47r) 2 ( 7 (1) )?i 6 

+ A ae f(B ef + Y efg L°) + Y efh » ah B e f + 2Y^ k f x jm (m 2 )f (2.15) 



(4-) 2 4 1) 



and 



(4vr) 4 X 



4 v (2) 
S 



-W(l [2) )it b 

- A ae f A ^Y 9hm ii * — Y aem u rA uAf 9h — Yt n ma A^ h Y u u ne 

- 4g 2 A ae f(C 2 )fMv me - Ag 2 Y efp ^{C 2 )lM^ + 8g 2 \M\ 2 (C 2 y Ml Y akl 

- 4g 2 M(B ef + Y ejv V)(C 2 r^ 

- Y aem (Y 2 ) k m (m 2 )(^ kf - 2Y ahm Y meg Yf° n fi nh (m 2 y f 



+ (4g 2 C 2 -Y 2 y g 
+ (4g 2 C 2 - Y 2 ){ 



Y aek ^ kf (m 2 )l + Y a9k ^ ke (m 2 ) e s 



A a ^{B ef + Y efrn L m ) + Y efk v ka B e ° 

- Y aem Y mgh (B ef + Y efk L k )A^ h . (2.16) 

In the above, (7^)5 and (7^)^ are the one- and two-loop chiral superfield anomalous 
dimensions for singlets respectively, given by 

{^?(l {l) )l= l -{Y 2 ) a h -2g 2 (C 2 ){ 

1 

rmrb 



(4vr) 4 ( 7 (2) )^ =2g 2 (C 2 ){Y a > k Y bjl - ^ WW*" 



The new terms are 



(4tt) 2 ^ 1) =2V2g Y m a jTT{ym 2 ) 

(4vr) 4 Af } =2V2g Y m a jTr(ym 2 (4g 2 C 2 - Y 2 )) 



(2.17) 



(2.18) 



where y is the charge operator of U(l)y, and 



(4vr) 2 X« =2 



(m 2 D ) ef {A a ^ + MY a£ f) + Y efkf i ka (m 



(4vr) 4 4 2) =4tf$i>Jm D )l \{m 2 D ) ef (A^ + MY aeg ) + Y efk ^ ka (m 2 D r 
W$ D /rn D y g ^\(Y 2 y g +g 2 (S 2 - 5Q,(G))#. 



(2.19) 
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The new contributions can be explained as follows. Firstly, the presence of is simply 
due to the renormalisation of the Fayet-Iliopoulos term. Since the FI term is absorbed as 
it is generated by the running into the soft term and the tadpole (so £ = 0), via equation 
(|1.6|) . it is found that 

=^—(V2m a J^ Y ) = V2m a J^ Y . (2.20) 
a log fi 

The result for the RGE of the FI term is then exactly as found in [55] , without any additional 
piece coming from Dirac gaugino terms. They gave 

lGvr 2 /^ =2gTv[ym 2 } 
16vr 2 /3j 2) = - ^Tr^mV^] 
16vr 2 ( 7 W)]=i(l2)i-2 5 2 (C 2 )l (2.21) 

which clearly exactly agrees with the above. 

Secondly, the Xd terms contain two terms mimicking B insertions - via equation (jl.8p 
- in the supergraph when they do not involve a gauge line, but not m 2 insertions. The 
additional term proportional to M{mj)) 2 is new and could not be obtained from shifting a 
standard term. Then the two-loop terms involve just wavefunction renormalisation of these. 

Since the tree-level RGE for the tadpole only includes a gauge coupling via the FI 

(2) (2) 

term X^, the two- loop contributions X$ \X D include only one gauge coupling, and so the 
interpretation of the above result for several gauge groups is straightforward. 



3 RGEs of a Dirac Gaugino extension of the (N)MSSM 

Here I present the full two-loop RGEs for a Dirac gaugino extension of the (N)MSSM. For 
generality, both Dirac and Majorana masses are included, as are all of the phenomenologi- 
cally interesting superpotential couplings involving the new adjoint superfields, even those 
that break R-symmetry (this is motivated by generality and the possiblity of generating fj, 
and terms [H]). Hence the model encompasses those studied in e.g. [I], [S] and [TT|ll4pi9j 
(the one-loop RGEs were presented in [TJ] without including Majorana gaugino masses). 
The particle content of the model is just that of the MSSM extended by adjoint chiral 

superfields S,T,0 where S is a singlet, T = | f ^y,- j,o J an SU(2) triplet, and 

O a colour octet. The Dirac gaugino masses are denoted moi,rafl2,mD3 coupling the 
respective singlet, triplet and octet fermions to the gauginos of the corresponding group, 
with gauge couplings gi,g2,93 and Majorana masses Mi, M2, M3. 
The superpotential of the model is: 

W = Y u uqH u -Y d dqH d -Y e elH d + iin u -n d 
+AsSH u -Hd + 2ATHd-TH u 

+LS + ^S 2 + |S 3 + M T tr(TT) + M tr(00), (3.1) 
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the usual scalar soft terms are 



-A£^ soft ={A u uqHu ~ A d dqH d - A e elH d + h.c] 

+ mjjjH u \ 2 + m 2 Hd \H d \ 2 + [B^H U ■ H d + h.c] 

+ q\ra\)\q 3 + ^(jn^juj + d\ m \)\d 3 + H™ffij + ^(m^e, (3-2) 
and there are soft terms involving the adjoint scalars 

- AC^Ztf' = (t S S + h.c.) 

+m 2 s \S\ 2 + \b s {S 2 + h.c.) + 2m 2 T tv(T^T) + (B T tr(TT) + h.c.) 

+ [A S X S SH U • H d + 2A T H d • TH U + ^ K A K S 3 + h.c] 
+2m^tr(O t O) + (B ti(00) + h.c.) (3.3) 

with the definition H u -H d = H+HJ - H°Hj. 

The most general renormalisable Lagrangian would include additional superpotential 
interactions^ 

W 2 = AsrStr(TT) + A 50 Str(00) + ^tr(OOO). (3.4) 

as well as the equivalent adjoint scalar A-terms. It would be straightforward to add these 
(and indeed Xst, ^so would contribute to the singlet tadpole) but they violate R-symmetry 
(admittedly as do all the terms on the last line of equation 13. ip and, more importantly, are 
much less phenomenologically interesting than the other terms. 

To determine the parameters of the model, the standard soft terms and Dirac gaugino 
masses can be run according to the RGEs given below, and then at the scale of interest 
determine the physical soft masses by applying the shifts 

m 2 s -^-m 2 s + 2\moi\ 2 

B 2 S -+B 2 S + 2m 2 D1 (3.5) 

and similarly for mx, BT,mo, Bo- 

The standard soft and supersymmetric RGEs, presented in the appendix, were calculated 
by implementing the model in SARAH |46 , 47J version 3.0.41. The RGEs for the Dirac mass 
terms and tadpoles are presented below, using the results of the previous section and the 
anomalous dimensions of the adjoint super fields. 

1 Note there are no terms tr(T), tr(O), tr(TTT) since these vanish by gauge invariancc. 
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3.1 Dirac gaugino masses 



Note gy 



(4vr) 2 A (1) 



%g\ ; then 



m D1 



--mm 



(4vr) 4 A {2) 



mm 



=mm 



M 2 + |A 5 | 2 )+f 5 2 



8\k s \ 4 - 8\\ s \ 2 \k S \ 



(3.6) 



- ^|A s | 2 (lO|A s | 2 - 15g£ + 15Tr(y d y]) + 15Tr(yyj) + 30|A T | 2 + 5Tr(V e y e t 



(4vr) 2 /3^) 



(4vr) 4 /3( 2 ) 



m D2 



--m,D2 

--m m 
2 



90|A T | 2 - 90Tr(Y e Y^ 
2|A T | 2 

28 52 4 - 12|A T | 4 

+ ||Ar| 2 ( - 10|A 5 | 2 - 15Tr(yyj) - 15Tr(yyt) + 3g 2 - 5g 2 - 5Tr(yyt)) 

+ i 5 2 ( - io|A 5 | 2 - ioTr(yy e t) + i20s§ + 245<7 2 - 30Tr(yyJ 

-30Tv(yy u t) -70|A T | 2 + 9<7 2 



(4vr) 2 A (1) 



m D3 



(4vr) 4 A (2) 



m D 3 



36 53 4 + ^i(ll5 2 - 20Tr(yy]) - 20Tr(yyj) + 340 5 2 + 45g 



3.2 Tadpole equation 

The one-loop contribution to X$ is given by 
(4vr) 2 4 1) =(2\K S \ 2 + 2\X s \ 2 )ts 



+ Am 2 S K S M* s + 2M S B S K* S + AMsB^ + AX s ^(m 2 Hd + rr&J 
+ 4L 5 4A K + 2B* S A K + 4L S \* S A S + 4B*A S . 



(3.7) 



The two-loop contribution is much longer and is given in the appendix, equation (|A.76|) . 
For the Dirac gaugino contribution arising via the FI term define 



5iTr(3W 



*3,l =^ ^iTr(^m 2 (4( ? 2 C 2 - y)). 



(3.8) 
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o"i i and 1T3 i also appear in the scalar mass RGEs; the full expressions for these in this 
model are given in appendix equation (|A.77|) . Then 



(4*ir) 2 xjP =2y/2m D i<ri,i 
(4vr) 4 xf ) =8v / 2m D1 a 3 ,i. 



(3.9) 



Finally, the Dirac gaugino parts are given by 



A k + Mxk s 



4m 2 D1 K* s M s 



(3.10) 



(4 7 r) 4 xg ) =8 



2{\K S f + \\si z )+^9 2 1 



(m* D1 ) 2 ( A R + M x k s ) + m z D1 K* s M s 



The conclusion is that for R-symmetric soft terms that obey Tr(3^m 2 ) = at some scale 
(such as, for example, in gauge mediation with R-symmetric F-terms [9~lll0|). the new Dirac 
gaugino mass-dependent contributions to the singlet tadpole will be safely negligible. 



4 Conclusions 

The set of two-loop RGEs for Dirac gaugino models is now complete, which opens up 
the possibility of implementing them in spectrum generators (such as by an extension of 
[461147]) and studying their precision phenomenology. Since Dirac mass terms only appear 
in supersoft operators (in spontaneously broken supersymmetric theories) their effect upon 
the RGEs is extremely mild. In particular, they remain on an RG invariant trajectory with 
respect to the mass squared and B terms, but the result of this paper is that, although they 
contribute new terms to the tadpole RGE, these are exhausted at one-loop and the two-loop 
correction is merely a particular form of wavefunction renormalisation of the one-loop term. 

As mentioned in the introduction, the tadpole RGE is particularly important for study- 
ing the Higgs potential, and since the new Higgs couplings in Dirac gaugino models can 
allow a natural increase in the Higgs mass - alleviating fine-tuning - it is now imperative 
to study the Higgs sector of Dirac gaugino models including full loop corrections |38j • 
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A Two-loop RGEs for SUSY and standard soft 
terms 



In this appendix the RGEs for the standard soft terms in the model of section [3] are pre- 
sented. For brevity, the factors of (4-7r) 2 and (47r) 4 for one- and two-loop quantities shall be 
dropped. All of the below were generated using SARAH [36j[17] version 3.0.41 and so are 
presented in the notation of that package. 



A.l Anomalous Dimensions 



7 W = 

30 



.(2) 



^ (45 52 2 + 80<? 3 2 + gt) 1 + Y^Y d + Y*Y U (A.l) 
7, ' = +(s 9 h! + ^<7?(l6<7 3 2 + 9, 2 ) + ^gf + f 5 4 + ^gj) 1 + \ 9 \Y^Y U - \X S \^Y U 
- 3|A T | 2 r u t^ - 2Y}Y d Y}Y d - 2YlY u YlY u 

+ yjy d ( - 3|A T | 2 - 3Tr(y d y]) + 2 - g \ - \\ s \ 2 - Tr(y e y e t)) - 3Y^y u Tt (y u yj 



(A.2) 



.,(1) 



3 



T i' = ~ 10 1 552 + ^ ) 1 + ^ (A - 3) 
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+77^ 10 5 2 5 2 2 + 23 5 f + 75<? 2 4 1 - 2Y%Y e Y}Y t 



7 g = 3|A T | 2 + 3Tr y d y] - ^ 2 - ^ 2 + |A S | 2 + Tr (Y^) (A.5) 



(2) 

'i 100 

+ y e ty e ( - 3|A T | 2 - 3Tr(y d yJ) + ^ 2 _ |Ag|2 _ Tr (V e y e t)) (A4) 

,,(!) _ Q| \„|2 _l QTV/V,^ _ JL 2 _ ^2 

10 yi 2 

7 S = + + T 52 + 1252|At|2 " 2A ^I 2a * " sx s x f ~ 15A t a t 2 
^ 2 Tr(y d yj) + 16 5 |Tr(y d y]) + ^ 2 Tr(Y e Y e t) - 9|A T | 2 iY(y u yJ 

- 3|A 5 | 2 (2A T A^ + Tr(y u K u t)) - 9Tr (Y d Y}Y d Y^ - 3Tr (Y d Y^Y u Y^ - 3Tr (Y e Y^Y e Y^ 

(A.6) 

t£ = 3 I At ' 2 " l|( " 10Tr ( y « y «) + 5 ^ 2 +5?) + |A S | 2 (A.7) 



5" 



7 2 = + ^ + T 92 + 1252,At|2 " 2A ^I 2A ^ " 3A ^' 2 " 15A ^ 2 
- 9|A T | 2 Tr(y d yJ) - 3|A T | 2 Tr(yy e t) - |A s | 2 (3Tr(y i y d t ) + 6\ T x* T + Tr(yy e t 

+ ^ 2 Tv(y u y u t) + i6 5 iTY(y u y„t) - 3ty (y d yjy u yj) - gi^y^y^) (a.s) 

7 i 1} = 2y;yJ - ^ (20^ + <? 2 ) 1 (a.9) 

if = (Wlgf + 800<7 3 4 + 80^) 1 - 2 (YjYjYjYj + YjY^Yj) 

+ y;yj( - 2|a 5 | 2 - 2Tr(yy e t) + e 5 2 - 6|a t | 2 - m(Y d Yj) + 2 - g f) (a.io) 
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7? 



2^ T -^(5<7i+S?)l (A.H) 
7f = +^ (W7gf + 200<7| + 80 5 ?gi) 1 

- \ (5(y:yJYJYJ + Y:yIy:yJ) + y u *yj( - I5g 2 2 + 15|A T | 2 + 15Tr(y u y u t) + 5|A 5 | 2 + g\ 



(A.12) 



7 f = 2 y;y/ - ^ 2 i (a.is) 



t ] = *y:yj - 1 

+ y e *y e T ( - 2|A 5 | 2 - 2Tr(y e y e t) + 6<? 2 - 6|A T | 2 - 6Tr(y d yj) - ^ 5 2 ) (A.14) 

7 ( 1) = 2(| K5 | 2 + |A S | 2 ) (A.15) 
7 ( 2) = -844' 2 -8A s | K5 | 2 AJ 

- ^|A 5 | 2 (lOA s A^ - 15gj + 15Tr (y d yj) + 15Tr (y u Y^ + 30A T A T - 3 5l 2 + 5Tv(y c Y^ 

(A.16) 

7 T 1) = 2|A r | 2 -4 5 2 (A.17) 
7 ® = +28^ - 12A|A£ 2 

+ ||A^| 2 ( - 10A S A^ - 15Tr(y d y]) - 15Tr (y u yj) + 3g 2 - 5g 2 2 - 5Tr(y e y e t)) 

(A.18) 

7? = -6ff 3 2 (A.19) 
7 g> = 364 (A.20) 



A. 2 Gauge Couplings 



4? 


33 o 


(A.21) 




= ^9 3 i(- 130TV (y u yj) + 135 5 | + 199 5 2 


- 30|A 5 | 2 + 440 5 | - 70Tr (y d yj) 




- 90| A T | 2 -90Tr (y e y e t)) 


(A.22) 




= 3 52 3 


(A.23) 




= ^|(- 10|A S | 2 - 10Tr(y e yj) + 120 5 | - 


- 245 52 2 - 30Tr (y d yj) 




- 30Tr (y u y£) - 70|A T | 2 + 9 5l 2 ) 


(A.24) 




= 


(A.25) 




= ^3 3 (ii<?? - 20Tr (y d yj) - 20Tr(y u y u t) 


+ 340 5 2 + 45<?i) (A.26) 
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A. 3 Gaugino Mass Parameters 



/3« = fgf Ml (A.27) 

^2 = ^ ( 398 5i M i + 135^Mi + 440 5 |Ma + 440 5 |M 3 + 135 52 2 M 2 

- 30A 5 ( - A 5 + Mi As) - 90 Ay ( - A T + Mi A T ) 

- 70MiTr (Y d Y^ - 90MiTr (V e y e t) - 130MiTr (y u yj) + 70Tr(yjV) + 90Tr (V e U e 
+ 130Tr(y u tA u )) (A.28) 

/3j(g = 6 9 2 M 2 (A.29) 
/?S = ^2 (95i Mi + 1205 3 2 M 3 + 9 5 2 M 2 + 490 5 |M 2 + 120<? 2 M 2 

- 10A 5 ( - A s + M 2 A 5 ) - 70A^ ( - A T + M 2 A r ) 

- 30M 2 Tr (Y d y d f ) - 10M 2 Tr (y e y e t) - 30M 2 Tv(y w y u t ) + 30Tr M Aa) + 10TY(Y e "U 
+ 30T>(V U U U )) (A.30) 

< = (A.31) 
Pmz = ^l(ll5 2 Mi + 11 5 2 M 3 + 45 52 2 M 3 + 680<?|M 3 + 45<?|M 2 - 20M 3 Tr (y d yj) 

- 20M 3 Tr (y u y u t) + 20Tr (Y}A d ) + 20Tr (y u U w ) ) (A.32) 



A. 4 Trilinear Superpotential Parameters 

= 3y u yJy u + y u ( - 3 ff2 2 + 3|A T | 2 + 3it(y tt y+) - _ + | As ^ + y uY j Yd 

(A.33) 

4? = A^uYlY u + 6 5 |y u y u ty w - 3|A 5 | 2 y u y u ty u - 9|A T | 2 y u y u ty M 
u 5 

- 2Y u YjY d YjY d - 2Y u Y\Y d YlY u - 4Y U Y^Y U Y^Y U 

+ Y u Y^Y d ( - 3|A T | 2 - 3Tr(y d yj") + 2 -g\ - \\ s \ 2 - Tt{y £ Y})) 

-9y 1 y t ty u Tr(y u y 1 t) 

+ Yu(^9t + 9hl + f 9$ + '-§919! + 8gh! + ™i£ + ^IWt? - 2A,M 2 A S 

- 3A|A*' 2 - 15A^ 2 - 9|A T | 2 Tr(y d yi) - 3|A T | 2 Tr(y e y e t) 
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- |A 5 | 2 (3Tr(y d y]) + 6A T A^ + Tv{Y e Y^ + ^lt(y u rj) + 16 5 |Tr(K u y u t) 

- 3Tr(y d y u ty u yj) - 9Tv(y u yJy u y u t)) (A.34) 

/3g = 3y d y]y d + y d ( - 3<7 2 + 3|A T | 2 + 3Tv(y d yJ) - y 9 | - ^ 5 2 + |a s | 2 + iv(y e y e t)) + y d yjy u 

(A.35) 

= +^ 2 ^^ - Ia^y^ - 3|A T | 2 y d yJy u - ±Y d Y}Y d Y}Y d 

- 2Y d Y^Y u Y}Y d - 2Y d YlY u YlY u 

+ Y d Y}Y d ( - 3\X S \ 2 - 3Tr(yy e t) + 6g 2 2 - 9|A T | 2 - 9Tr(y d y]) + p\) 

-3y d y M t y l Tr(y t y ! j) 

+ ^(^^ + ahl + f <? 2 4 + phi + 8 52 2 5 | + ^ + i2 52 2 |A T | 2 - 2A,M 2 a^ 

- 3A 2 A^ 2 - 15A 2 A^ 2 - ^ 2 Tr(y d yj) + 16 5 2 Tr (y.yJ) + ^ 2 Tr(y e Y e t) 

- 9|A T | 2 Tr(y it yj) - 3|A 5 | 2 (2A T A^ + Tt(y u Y^ - 9Tr (Y d Y^Y d Y^j - 3Tr(Y d Y^Y u Y^ 

-3Tr(yy e ty e y e t)) (A.36) 

$> = 2>Y e Y^Y e + y( - 3 5 2 + 3|A T | 2 + 3Tr(y d Yj) - 9 -g\ + |A S | 2 + Tr(y e Y e t)) (A.37) 

= -4yy e ty e y e ty e + y e y e ty( - 3|A S | 2 - 3Tr(yy e t) + 6 5 2 - 9|A T | 2 - 9Tr(y d yj)) 

+ y e (y5i + \a\al + f <?2 + 12 52 2 |A T | 2 - 2A 5 |k 5 | 2 A^ - 3A|Af - 15A^ 2 

- ^ 2 Tr(y d yj) + i6 5 2 Tr(y d yJ) + ^ 2 Tr(yy e t) - 9|A T | 2 Tr(y u y u t) 

- 3|A 5 | 2 (2A T A^ + Tr(y u y u t)) - 9Tr(Y d Y^Y d Y^ - 3TV (y^Y^Y]) - 3Tr (Y e Y^Y e Y^ 

(A.38) 

/3g = 2A T |A 5 | 2 + 3A r Tr(y d y]) + 3X t Tt(y u Y^) - 7g 2 X T + 8A|A^ - ^g 2 X T + \ T Tr(Y e Y^ 

(A.39) 

/3g = - j^A r ( - 207^ - QO^f^l - 2075 5 | - 60<? 2 |A T | 2 - 1100<?1|A T | 2 + 200A 5 |k 5 | 2 A^ + 300A|A*' 2 

+ 2wox 2 T xf + 2o 5l 2 Tr(y d yJ) - soOfffTV (y d yj) + 750|A T | 2 Tr(Y d Yj) 

- 60 5 2 Tr(y e y e t) + 250|A T | 2r iv(y e y e t) - 4o 5l 2 Tr (y u yj) - 800 5 2 Tr(y u y u t) 

+ 750|A r | 2 Tr(y t y u t) + 50|A 5 | 2 (i6A T A^ + 3T>(y d yj") + 3Tv(y w yj) + T>(y e y e t)) 

+ 450TY (Y d YjY d Y^ + 300Tr(Y d Y^Y u Ypj + 150Tr (Y e Y^Y e Y^ + 450TY (y u Y^Y u Y^ ) 

(A.40) 

tfi = -1^5% - 3g 2 A s + 2As|k 5 | 2 + 6A 5 |A T | 2 + 4A|Aj + 3A 5 Tr (y^) + X s Tv(Y e Y^ 



14 



+ 3AsTr(y tt r B t) (A.41) 

= "5^ A5 ( " 2 ° 7 ^ " 9 ° 9 ^ 2 " 67552 " 1200 ^il A ^| 2 + 40044' 2 + 600A 5 |^| 2 A£ + 500A|A*' 2 
+ 1500A|A^ 2 + 20 9l 2 Tr(y d yj) - 8(% 2 Tr (y d Y^j + 450| \ T \ 2 Tr(Y d Y^ 

- mglTi(Y e Y^ + 150|A r | 2 TY(Y e y e t) 

- 30|A 5 | 2 (lO ff 2 - 15Tr(y d y]) - 15Tt(y u Y^ + 2 9l 2 - 40A T A^ - 5Tr(yy £ t)) 

- 40 5 2 Tr (Y U YZ) - 800 5 2 Tr (y u Y^ + 450| A T | 2 Tr (y.yj) + 4SffFr (Y d Y^Y d Y^j 

+ 300Tr (y d y w ty u yj) + isoTr (y e y e tyy e t) + 450tv (y u y^y u y^ ) (A.42) 

/3g=6K 5 (|K 5 | 2 + |A 5 | 2 ) (A.43) 
/?S = -^ 5 (2044' 2 + 20A 5 |^| 2 A^ 

+ |A 5 | 2 (lOA s A£ - 15 5 2 + 15Tr(y d yj) + 15Tr(y u y n t) + 30A T AJ - 3g 2 + 5Tr(yy e t))) 

(A.44) 



A. 5 Bilinear Superpotential Parameters 

/3« = 2/i|A 5 | 2 - 3<? 2 V + 3^Tr(y d yj) + 3^(y u Y^) + 6^|A T | 2 - + ^fel? 



5" 

ffi = + jj<7i<^ + f <? 2 V + 24g 2 / u|A T | 2 - 4A^M 2 A£ - 6A 2 »\f 

- 30X 2 Tf iX*/ - ^gjfiTv(Y d Y^ + lGg^Ti (y d yj) - 9^|A T | 2 Tr (y d yj 

+ ^ 2 /iTr(yy e t) - 3HA T | 2 Tr(yy e t) + ^ 2 //&(y u y u t) + le^Tr^yJ 

- 9^|A T | 2 Tr(y t y u t) - ^|A 5 | 2 (l2A T A^ + 3Tr (y d y]) + 31^1^) + Tr(Y e Y^ 

- 9fiTr (Y d Y}Y d Y}) - 6fiTr(Y d Y^Y u Yfj - 3fiTr(Y e Y^Y e Y^ - 9»Tr (y u Y^Y u Y^ 



(A.45) 



P§ T = 4M T |A T | 2 - 8g 2 M T (A.47) 
=^M T (70gl-30\ 2 T \*f 



(A.46) 

— a K/r„\ \„l 2 _ a«2 fl/ f_ 
T ~ 5" 

+ |A r | 2 ( - 10A S A^ - 15Tv(y d yj) - 15Tr(y u y u t) + 3<? 2 - 5g 2 - 5Tv(Y e Y^ 

(A.48) 

^ = -12 ff3 2 M (A.49) 
P$ o = 72glM (A.50) 
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^1=AM s (\k s \ 2 + \Xs\ 2 ) (A.51) 
= -^M s (20K 2 S Kf + 20X s \k s \ 2 X* s 

+ |A 5 | 2 (lOA 5 A^ - 15g 2 2 + 15Tv(y d Fj) + 15Tr(y u y^ + 30Xt \* t _ 3^ + 5 Tr(y e Y e t))) 

(A.52) 



A. 6 Linear Superpotential Parameters 

$1 = 2L s (\ks\ 2 + \*s\ 2 ) (A.53) 

/?g = -^L 5 (2044' 2 + 20A 5 | K5 | 2 A£ 

+ |A 5 | 2 (lOA s AJ - 15(7| + 15Tr(y d yj) + 15Tr (y u Y?) + 30A T A^ - 3<? 2 + 5Tr (Y e Y^ ) ) 

(A.54) 



A. 7 Trilinear Soft-Breaking Parameters 

/3« = +2F n y]^ + 4F u F u tA u + A u Y\Y d + 5A^jX - ^g 2 A u - 3g 2 A u - ^g 2 A u 
+ \X S \ 2 A U + 3|A T | 2 A U + 3^Tr(y u yj) 

+ F u (2A|A S + 6g 2 2 M 2 + 6A£4r + 6Tr (V W U U ) + + y <?iM 3 ) (A.55) 

^2 = +^ 2 ^j4i - 2|A s | 2 ynyi^ - 6\X T \ 2 Y u YjA d - ^M^Y^ 

- \2g 2 M 2 Y u Y^Y u + \g 2 Y u Y^A u + 6g 2 2 Y u Y^A u - 4\X s \ 2 Y u YJA u 

5 

- 12\X T \ 2 Y U Y^A U + p 2 A u Y}Y d - \X s \ 2 A u YjY d - 3|A r | 2 A u yjy d 
+ Ylg\A u YlY u - 5\X s \ 2 A u YjY u - 15| A T | 2 A U Y^Y U - AY u Y^Y d YjA d 

- 2Y u Y\Y d YlA u - & u Y\A d Y\Y d - w u YjA d Y^Y u - qy u y^y u y^a u 

- 8Y u YjA u Y^Y u - 2A u Y\Y d Y\Y d - AA u Y^Y d Y^Y u - 6A u YjY u YjY u + ^^-gfA u 

+ g\g\A u + ^g\A u + ^-g 2 g 2 A u + %glglA u + ^gjA u + 12 5 2 |A T | 2 A 

- 2X s \k s \ 2 X* s A u - 3A|Af A u - 6A T |A<j| 2 A^ u - 15X 2 T X*^A U - 6X* S Y U Y^Y U A S 

- 18X* T Y u YjY u A T - 6Y u Y^A d Tt(Y d Y^ - 3A u YjY d Tr (Y d Y^ 

- 3\X s \ 2 A u Tr(Y d Y^ - 9\X T \ 2 A u Tr(Y d Y^ - 2Y U Y^ A d Tr (y c Y^ 

- A u y]y d Tr(yy e t) - \X s \ 2 A u Tr(Y e Y^ - 3|A r | 2 A u T\^y e y e t) 
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- 12Y u Y^A u Tt(y u Y^ - 15A u Y^Y u Tr(Y u Y^) + ^ 9 2 A u Tt(y u Y^ 

+ 16glA u Tr(Y u Y^j - ^Y u Y ] d Y d (lh\* T A T + 15Tr (y}A^ + 2g 2 1 M 1 + 5X* S A S + 5Tr (Vj^e)) 

- i8y u yJ-y u T>(y u tA u ) - 3A u ty (yyjy^yj) - g^Tr^yty^yt) 

- ^y u (2743^M! + 225g 2 g 2 M 1 + eSO^^fMa + eSOe^fMa + lSOO^^Afa + 6400<?tM 3 
+ 225gfg%M 2 + 6075^Af 2 + 1800c^fM 2 + 1350A 5 A*' 2 A 5 + 450k* s \* s (k s A s + A 5 A K ) 

+ 6750A t A^ 2 ^t + 675A^ 5 Tr(yyj) + 225A^ 5 Tr (yyt) + 180^ Tr (y u y£) 
+ 3600^1 Af 3 Tr(y u yt) + 675|As| 2 Tr (yj A d ) + 225|A 5 | 2 Tv(y e U e ) 
+ 675A^ (2\* s (\ S A T + \ T A S ^ 

+ A T (3Tr(yy]) - 4<? 2 + Tr(yy e t)) + A T (3Tr(y d U d ) + 4g 2 M 2 + Tr (^))) 

- i80 5 2 TY(ytV) - 3600 9 lTr(ytA u ) + 675Tr (y d y u U u yj) + 675Tr (y u yj A d yt) 

+ 4050Tr (y u yj A u yt) ) (A.56) 

7 1 1 f 

= +4Y d Y}A d + 2Y d YlA u + 5A d Y^Y d + A d Y^Y u - —g 2 A d - 3g 2 A d - —g 2 A d 
+ \X s \ 2 A d + 3|A T | 2 A, + 3^Tr(yy]) + A d Tr(Y e Y^ 

+ Y d (2\* s A s + 2Tr(y e t^l e ) + 6 ff 2 M 2 + 6\* T A T + QTr (yJAjJ + -^ 2 Mx + y <?lM 3 ) 

(A.57) 

Pa] = +^9 2 iY d Y^A d + 6g 2 2 Y d YjA d - 4|A 5 | 2 yy d % - 12|A T | 2 yyj"Ai 

- ^glM x Y d Y^Y u + ^g 2 Y d YjA u - 2|A 5 | 2 yy u U u - 6\X T \ 2 Y d Y^A u 
+ ^g 2 A d YjY d + \2g 2 A d Y\Y d - 5\X s \ 2 A d Y^Y d - \h\X T \ 2 A d Y\Y d 

+ p 2 A d Y^Y u - \X s \ 2 A d Y^Y u - 3|A T | 2 ^y u ty u - 6Y d Y}Y d YjA d 

- 8Y d YjA d Y}Y d - 2Y d YlY u Y\A d - AY d Y^Y u Y^A u - AY d Y^A u Y^Y d 

- 4Y d Y^A u Y^Y u - 6A d YjY d YjY d - AA d Y^Y u Y ] d Y d - 2A d Y^Y u Y^Y u 

+ ^-gfA d + g\g\A d + y 52 % + \g\g\A d + %g\g\A d + -|^3% + 12 5 2 |A T | 2 ^ 

- 2A 5 M 2 A£Ai - 3A|A*' 2 A d - 6X T \X s \ 2 X* T A d - 15X 2 T X^ 2 A d 

- 2X* s Y d Y^Y u A s - 6X* T Y d Y^Y u A T - 12Y d YjA d Tr(Y d Y^ 

- 15A d YjY d Tr(Y d Yp) - ^g 2 A d Tr(Y d Y^ + 16g 2 A d Ti(Y d Y^ 

- ±Y d Y}A d Tr(Y e Y^ - 5A d Yj Y d Tr (v e Y^ + ^g 2 A d Tv(Y e Y^ 
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- 6Y d Y^A u Tr(Y u Y^) - 3A d Y^Y u Tr (y u y£) - 3\\ s \ 2 A d Tr (y u y£) 
-9\\ T \ 2 A d Tr(Y u Y^ 

- ^Y d Y}Y d (l5\* s A s + 15Tv(y e U e ) + 30gjM 2 + A5X* T A T + A5Tr (yJa^ + Ag\M^j 

- QY d Y^Y u Tv(Y,^A u ^j — 9A d Tr(Y d YjY d Yj^ — 3A d Tv(Y d Y^Y u Y d ^ 

-3^Tr(y e y e ty e y e t) 

- ^y d (287<7fM! + 45< ?1 2 <? 2 M 1 + 40< ? 2 < 7 |M 1 + 40< ? 2 e ? fM 3 + 360 92 2 <?|M 3 + 1280^M 3 
+ 45< ?1 2 <?|Af 2 + 1215g|M 2 + 360<?i<? 2 M 2 + 270A 5 A*' 2 ^l 5 + Wk* s \* s (k s A s + A 5 A K ) 
+ 1350A T A^ 2 ylT - lS^MiTr^yj") + 720<? 2 M 3 Tr (v d Y^ + 54^ Tr (y e y e t) 

+ 135X* s A s Tt(y u Y^) + 18<7 2 Tr(yjA d ) - 720<? 2 Tr (yJA^ - 54<? 2 Tr (y^) 
+ 135\X s \ 2 Tr (y^A^ 

+ 135A^(2A^(a s A t + \ T A S ) + 3A T Tr(y u y^ + 3 A T Tr(y u U u ) - 4g 2 A T + 4<? 2 Af 2 A T ) 

+ SlOTr (Y d Y}A d Y^ + 135TV (y d y u U u yj) + 270Tr (Y e Y^ A e Y^ + 1351^^4^)) 

(A.58) 

= +4y e y e tA e + 5A e y e ty - ^ 2 A e - 3(^4, + |As| 2 4 + 3|A r | 2 4 + 3A e Tr(Y d Y^ 

+ A e Tr(yy e t) + y e (2A^ s + 2Tr(y e U e ) + Qg 2 M 2 + 6X* T A T + 6Tr(y]A d ) + y 5l 2 Mx) 

(A.59) 

Pa! = +^glY e Y ] e A e + 6 5 |y e y e U e - 4|A s | 2 yy e U e - i2|A T 1 2 y e y e U e 

- ^MeyjTe + 12 5 2 ^ e y e ty e - 5\X s \ 2 A e Y^Y e - 15 |A T | 2 A e Y^Y e 
5 

27 9 27 

- 6yy e ty e y e U e - 8y e y e U e y e ty e - 6A e yty e y e ty e + — ^4 + -g\ a \A e + - 9 \A e 

2 5 2 

+ 12<?1|A T | 2 4 - 2A 5 | K5 | 2 A^ e - 3A|A^' 2 A e - 6A T |As| 2 A^4 - \hX 2 T Xf A e 

- 12Y e Y^A e Tv(Y d Y^ - 15A e Y^Y e Tv(Y d Y^ - ^gjA e Tv (y d yj) 
+ 16g 2 A e Tr(Y d Y^ - AY e Y^ A e Ti (y.Y^ - 5A e Y^Y e Tr(Y e Y^ 

+ ^ 2 ^ e Tr(yy e t) - 3|A 5 | 2 ^ e Tv(y u yi) - 9|A T | 2 A e Tr(y t yj) 

- 6y e y e t y e (2< 7 2 M 2 + 3^a t + 3T> (y]A d ) + x* s a s + Tv(y e U e )) - 94Tr(y i y d t y i yJ) 

- 3A e Tv(Y d Y^Y u Y^ - 3A e Tv(Y e Y^Y e Y^ 

- ^Ye^mgfMi + dgfgjAh + 9g 2 g 2 M 2 + 135g|M 2 + 30A 5 A; ,2 A 5 + 10k* s X* s (k s A s + A ff 4e) 
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+ 150A r A^ 2 A T - 2gfM 1 Tr(Y d Y^ + 80g 2 3 M 3 Tv(Y d Y^ + 6g 2 MiTr(Y e Y^ 
+ 15X* s A s Tt(y u Y^ + 2g 2 1 Tv(Y^A d ) - 80<? 3 2 Tr (y]V) - 6g 2 Tr (yJ A e ) 
+ 15|A 5 | 2 Tr(y u U u ) 

+ 15A^(2A^(a 5 ^t + XtA s ) + 3A t Tt(y u Y^ + 3X T Tr (l^A^ - 4g 2 A T + Ag 2 M 2 \ T ) 

+ 90Tr (Y d YjA d Y^ +15Tr(r d y w U w y £ j) + SOTr (Y e Y^ A e Y^ +15Tt(y u yJ A d Y^ 

(A.60) 

= +2\* s (2\ T As + XsA T ^j + A T (24|A T | 2 + 3Tr(Y d Y^ + 3Tt(y u Y^ - 7g 2 - ^gj + Tr(y e Y e +)) 
+ ^X T (l5T* (Yj Aj) + 15Tr (y^A u ) + 35 5 |M 2 + 3g 2 Mx + 5Tr (Vj A e ) ) (A.61) 

^ = ~^E~ 9 * Ml Xt ~ y 9 * 92MiXt ~ ^9iglM 2 \T - mgiM 2 \ T - 24\ s \ t \*s 2 a s + |£sMr 

+ -g\g\A T + y 5 |A T - 6A 2 A^ T - 210A 2 ^ 2 A T 

- 4k* s \* s (2k s \tA s + 2A 5 A T ^ K + k 5 A 5 A t ) + ^M^Tr^y/) - 32 5 2 M 3 A T Tr(Y d yj) 

- 6A T A^ s Tr(y (i y d t ) - ^g 2 A T Tr(Y d Y^ + Wg 2 A T Ti (Y d Yl) - 3| A 5 | 2 A T Tr (y d yj) 

- ^MiA T Tr(y e y e t) - 2A T A^ 5 Tr(y e y e t) + ^ 2 A T Tr(y e y e t) 

- |A 5 | 2 ^Tr(y e y e t) - ^ 1 2 Af 1 A T Tr(y u y u t) - 32g 2 M 3 \ T Tr(Y u Y^ 

- 6A T A^ 5 Tr(y u y u t) + ^g 2 A T Ti(Y u Y,l) + 16g 2 A T Tv(Y u Y^ - 3\X s \ 2 A t Tt(y u Y^ 

- ^ 2 A r Tr(y]A d ) + 32g 2 X T Tr (YjA d ) - 6A T | A 5 | 2 Tr (YjA d ) + y 5l 2 A T Tr (y e U e ) 
-2A T |A 5 | 2 Tr(y e U e ) + ^ 2 A T Tv(y u U„) + 32 5 2 A r TY(y u U u ) - 6A r |A 5 | 2 Tr (y„W) 

- i|A r | 2 (80A^2A r A 5 + 3A 5 ^t) 

- 2>A T (lWg 2 2 - 25Tr(yy e t) + 6g 2 - 75Tr (y d yj) - 75TV (y u Y^ 

+ 2A T (llO<7lM 2 + 25Tr(y e tA e ) + 65? Mi + 75Tr(y]^) + 75Tr(y u U u ))) 

- 9A T Tr(y d yJy d y]) - 36A T Tr (Y d Y}A d Y^ - 6A T Tr(Y d Y^Y u Y^ 

- 12\ T Tr(Y d YjA u Y^ - 3A T Tr{Y e Y^Y e Y^ - 12\ T Tr (Y e Y^A e Y^ 

- 12\ T Tv (Y u YjA d Y^j - 9A T Tv (y u Y^Y u y£) - 36A T Tr (y u Y^A u Y^) (A.62) 
^ = +24(2A s ^ + ksA s ) 

+ A s (l2\\ s \ 2 - 3g\ + 3Tr(y d yj) + 3Tt(y u Y^ + 6|A T | 2 - |? 2 + Tr(yy e t)) 
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+ ^\ s (lhglM 2 + 15Tr (yJa^ + 15T>(f^ u ) + 30X* T A T + 3g 2 M l + 5Tr(y e U e )) 

(A.63) 

A 2 ] = -^giM 1 \ s - fghlM.Xs - ^glg 2 2 M 2 X s - 54<? 2 4 M 2 A 5 - 32K S X s nfA K + ™gfA s 
+ \giglA s + ^g\A s - 8k 2 s k*/A s - 50A|a;- 2 A 5 - 30A T A^ 2 (±\ S A T + A r A 5 ) 
+ ^ 2 M 1 A 5 Tr(y d y]) - 32 5 3 2 M 3 A 5 Tr(y d y]) - 2 -g\AsYi(Y d Yf) 
+ 16 5 |A 5 Tr(y d yj) - ^^M^sTr^^j + ^A s Tr(Y e Y^ - plM^sTr^Y^) 

- 32g 2 3 M 3 \ s Tr(Y u Y^) + ^g 2 A s Tv{Y u Y^) + 16g 2 A s Tr (y u y£) - ^g 2 X s Ti(Y ] d A d ) 
+ 32g 2 \sTi(YjA d ) + ^-g 2 X s Tt(Y^A e ) + j^f AglY^^) + 32 5 2 A S T*(V U U U ) 
-^|A 5 | 2 (204(2A 5 ^ + 3 K5 ^5) 

+ A 5 (l20A T A^ + 15Tr(Y e Y e t) - 30<?1 + 45TY (y d yj) + 45Tr (y u yj) - 6 5 2 ) 

+ 2X s (l0g 2 2 M 2 + 15Tr(y d U d ) + 15Tr(y u U u ) + 2g 2 M 1 + 40A^A T + 5Tr (V e W))) 

- 3A^(ArA s (3Tv(y d F £ j) + 3Tr (y v Y?) - 8g 2 + Tr (y c Y^ 
+ 2X s (A T (3Tc(Y d Y^ + 3Tr (y u y£) - 8g 2 + Tv(Y e Y^ 

+ At ^3Tr (yJAjJ + 3Tr (y^A^ + 8 ff 2 M 2 + Tr(y e W)))) 

- 9A s Tr(Y d Y}Y d Y^ - 36X s Tr (Y d Y^A d Y^ - 6A s Tr(Y d Y^Y u Y^ 

- 12X s Tv(Y d Y^A u Y^ - 3A s Tr(Y e Y^Y e Y^ - 12A 5 Tr (Y e Y^A e Y^ 

- 12X s Tv (Y u Y}A d Y^j - 9A s Tr (y v Y*Y u y£) - 36A 5 Tr (y u Y* A u Y^j (A.64) 
$1 = 6(3\k s \ 2 A k + X* s (2k s A s + A 5 ^ K )) (A.65) 
$1 = ~l(wo4 K fA K + WX s X*f(A Ks A s + XsA K ) 

+ X* S (X S A K (- 15g 2 + 15Tr(y d y]) + 15Tr (y u y£) + 30|A T | 2 - 3 5l 2 + 5Tr (Y e Y^ + 60|k 5 | 2 ) 

+ 2 Ks (^s( - 15<?I + 15Tr (y d yj) + 15Tr (y u Y^ + 20\k s \ 2 + 30|A T | 2 - 3 5l 2 + 5Tr(v e Y^ 

+ A s (l5 52 2 M 2 + 15Tv(yjA d ) + 15Tr (y^A^ + 30X* T A T + 3g 2 l M l + 5Tt(y^ A e ))))) 

(A.66) 

A. 8 Bilinear Soft-Breaking Parameters 

PbI = +75?Mi/i + 6g 2 2 M 2f i + 2X s B s k* s + 4fiX* s A s + 12^iX* T A T 
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+ B M ( - 3 5 2 + 3Tr(y d y]) + 3Tr(y„y^ + 6 | A^| 2 + 6|A T | 2 - ^g\ + Tr(y e Y e t)) + 6^Tr(YjA d ) 
+ 2/iTr(y e tA e ) + e^TrjV^) (A.67) 
/3g = +B^g\ + jj^l + | 92 4 - 14A 2 A^< 2 - SOA 2 ^ 2 - + 16 5 f^(Vj) 

+ ^ 2 Tr(y e y e t) 

+ l|A 5 | 2 (l80<7l - 180A T A^ - 20^4 - 25Tr(y e Y e t) + 36<? 2 - 75Tr(y d Yj) - 75Tt(y u Y^ 

+ 3|a t | 2 ( - 3Tr (y d yj) - 3Tr(y u y it t) + 8 5 2 - Tr(yy e t)) + ^ 2 Tr(y u y u t) 

+ i6 53 2 Tr (y^yj) - 9Tr (y d y]y d yj) - 6Tv(y d y u ty u yJ) - 3Tr(yy e tyy e t) - 9Tr (y^y^)) 

- ^ (207^Mi// + 45 5 2 g 2 2 M 1 /i + 45 9l 2 <? 2 M 2 /i + 675<? 2 1 M 2 /i + 600<7 2 M 2 /i| At| 2 

+ lOOAsfjKsl 2 + \\s\ 2 )b s k* s + 100M s \ s k/A k + 400A 5/ uA*' 2 .4< ? - 600g^X* T A T 

+ 1500A T fiX*/ A T - lO^M^T^yj) + A00g 2 3 M 3 nTr(Y d Y^ + 225//A T A T Tr (y d Yj) 

+ 30 5 2 M 1 /xTr(yy e t) +75/iA^^l r Tr(y e y e t) +20 9l 2 Af lA iTr(y t y u t) 

+ 400^ M 3fi Tr (y u y£) + 22^X* t A t Tt(y u Y^ + 10<? 2 /iTr (y]V) - 400^ //ft (yJ 4*) 

+ 225^|A T | 2 Tr(y/A d ) - 30g 2 M Tr (y}A c ) + 75/i|A T | 2 Tr (Y e U e ) - 20^Tr (y^A u ) 

- 400 5 2 ^Tr(y u tA u ) + 225^|A T | 2 Tr(y u tA u ) 
+ 5AJ (204 ( (k s » + M s Xs) A s + XsnA^ 

+ fi(60X T (2X s A T + x T A s ) + 5^5 (3TY (y d y]) +3Tr(y 1 y u t) +Tr(yy e t)) 

+ 3A 5 (l5Tr(yJ"^) + 15Tr(y u U u ) + 30^ M 2 + 5Tr (y^A^ + 65? M x ))) 

+ 450//IY (y d y]A d yJ) + i50//rr (y d Y u U w yJ) + i50//rr (y e y e U e y/) 

+ 150/xT* (y u y d %Y tt t) + 450/xT* (Y U Y^A U Y^ ) (A.68) 

^g) = 4^ - 2g\B T + 2M T X* T A T + AgjM 2 M T + |A T | 2 B T ) (A.69) 
/3g = -^(i? r (30A^ 2 -70 92 4 

+ |A T | 2 (lOA s A£ + 15Tr(y d y]) + 15Tt (y^) - 3g 2 + 5 5 2 + 5Tr(yy e t))) 

+ 2M T (\mg\M 2 + 60A T A^ 2 A T 

+ A^(lOA^A 5 A T + X T A S ) + A T (lBTr(Y d Y^ + 15Tv(y u Y]) - 3g 2 + 5g 2 2 + 5Tr (Y e Y^ 

+ A T (l5Tr (y}A^ + 15Tr (yJ A u ) + 3 5 2 Mx - 5<? 2 M 2 + 5Tr (yJ A e ) ) ) ) ) (A.70) 

P%1 = \2g\ (2M3M0 - Bo) (A.71) 
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PbI = 72 dt ( " 4M 3 M Q + B ) (A.72) 
/3<g =4(2| K5 | 2 + |A 5 | 2 ) Bs + ^ksB^s + MskIA* + M S X* S A S ) (A.73) 
/?gj = -i (b s (4044' 2 + ^s\ks\ 2 \*s 

+ \X s \ 2 (lOX s X* s - 15g 2 + 15Tr (y d Y+) + 15TV (y u y£) + 30A r A^ - 3 9l 2 + 5Tt(Y e Y^))) 

+ 2^MsK S KfA K + 10A^ 2 ((2M 5 A 5 + k s1 i)a s + ksAs^) 

+ ^(ZglMxMsXs + 15 5 |M 2 M 5 A5 + 9gfM 1 K S fi + 45^M 2 k^ " 3<7 2 M 5 A 5 - lhg 2 2 M s A s 

+ 30M 5 |A T | 2 A 5 + 10M 5 4(2A 5 ^l K + 3k s A s ) + 30M s A<jA^ T + 30k s ^X* t A t 

+ 15M s A s T I (Y d Yj) 

+ 5M 5 A 5 Tr(y e y e t) + l5M s A s Tr(Y u Yj) 

+ ^(mr^Yj) + 15Tr(Y u Yj) + 30|A T | 2 - 45g 2 2 + hTi(Y e Y}) - 9gf) + 15M 5 A 5 Tr (Y}A d ) 

+ 15^Tr(VjAi) + 5M 5 A 5 Tr(y e U e ) + 5k s »Ti (y^A £ ) + 15A/ 5 A 5 Tr (y^A u ) 

+ 15k s ^Tv(y,^A u )))) (A.74) 



A. 9 Linear Soft-Breaking Parameters 

(47r) 2 4 1} = 2(2m 2 K 5 M| + M s B s k* s + 2M S B„X* S + 2m 2 Hd \ s f + 2m 2 Hu \ sf i* + M 2 t 5 + |A 5 | 2 ts 

+ 2L 5K ^A K + B* S A K + 2L S A£A S + 2S^ 5 ) (A.75) 
(4vr) 4 4 2) = -^(e^LsMxIA^I 2 + 30 g 2 2 L s M 2 \X s \ 2 + 20M S (W| 2 + \X s \ 2 )b s k* s + 6^MiM sA tAS 

+ 30^M 2 Af ff /iAs " GglMsB^s - Wg 2 2 M s B^ s + mM S \X T \ 2 B ^X* s + 20M 5 A 5 ^A^ 2 

- ^>9i'm 2 Hd \s^ - 30g 2 m 2 Hd X S fi* - 6glm 2 Hu X S fi* - 30g 2 m 2 Hu X S fi* 

- 12 5 2 A 5 |Mi| 2 /i* - 60 5 2 A 5 |M 2 | 2 /i* + ^Ott^AsIAtIV + l20m 2 Hu X s \X T \ 2 fi* 

+ 60m|A5|A T | 2 /i* + 40A S |A S | V + 60A S | Ar|V + 40m 2 Hd X 2 s X* s fj,* + A0m 2 Hu X 2 s X* s fj,* 
+ 20m 2 s X 2 s X* s fi* + 6g 2 MxX s B; + 30<7 2 M 2 A 5 ^ - 3 5 2 |A 5 | 2 t5 - l5g 2 \X s \ 2 t s 
+ 2044' 2 t 5 + 20X s \K S \ 2 X* s t s + 10A|A£ 2 i s + 30A T |A 5 | 2 A^ 5 + 40L S |A 5 | 2 4^ 
+ 20M§KfA K + 80L 5K5 4' 2 yl K + 40|^| 2 ^A K + 20|A 5 | 2 B^ K 

+ 20MJ (2k 5 |A k | 2 + (3m 2 s + m 2 ^ + m 2 Hu )K S \X s \ 2 + 5m|4«s + ^|^| 2 + ^sA* s A K ) 

- 6g 2 L s X* s A s - 30g 2 L s X* s A s + 40L s \k s \ 2 X* s A s + 60L S |A T | 2 A£A S + 20M 2 k* s X* s A s 
+ 40L 5 A 5 A*' 2 ^ 5 + 20M sf iX*/A s + 6g 2 Mi[i*As + 30g%M 2 fi*A s + 20k s X* s B* s A s 

- 6gfB*As - 30 9 2 b;A s + 40|A 5 | 2 ^A 5 + 60\X T \ 2 B;A S + 60X T ^* A* T A S 
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+ 60L 5 |A 5 | 2 A^ T + 60M sf iX* s X* T A T + 60X S X^B*A T + 30M 5 5 M A£Tr(Y d yj) 

+ 60m 2 Hd X sf i*Tv(Y d Y^ + 30m 2 Hu X sf i*Tr(Y d Y^ + 15\X s \H s Tr(Y d Y^ 

+ 30L 5 A^ 5 Tr(y d y]) +30^A 5 Tr(y d y]) +ioM 5J B M A^(y e y e t) 

+ 20m^A 5 ^Tr(yy e t) +10m^A 5 ^Tr(y e y e t) +5|A 5 | 2 t s Tr(yy e t) 

+ 10L 5 A^ 5 Tr(yy e t) + 10B;A s Tr(Y e Y^ +SOM s B^X* s Tr(Y u Y^) 

+ mm 2 Hd X S fi*Tv(Y u Y^ +60m 2 Hu X S fi*Tv(Y u Y^ + 15\X s \ 2 t s Tv(Y u Y^ 

+ 30L 5 A^ 5 Tr(y t y t t) + 30B;A s Tr (y u Y^ + 30L 5 |A5| 2 Tr(y> d ) + 30M s ^X* s Ti(yJA^ 

+ 30A 5 B;Tr(y d t ^) + WL s \X s \ 2 Tv(y^A^ + 10M sfJ ,X* s Tr (y^ A e ) + lOA^T* (y^A^ 

+ 30L s \X s \ 2 Tt(yZA u ) +30M s ^X* s Tt(y^A u ) + 30X s B;Tt(y^A u ) + 30/i*A 5 Tr(^yj) 

+ 30A 5/ u*Tr(^4f) + 10^A 5 Tr^y e T ) + lOA^Tr^A^) + 30//A 5 Tr (^yj) 

+ 30A 5/ x*Tr(^^) +30A 5 /i*TV (y d yjml*) +30A 5 /i*Tr (y d mfyj) 

+ 10A^*Tr(yy e tmf) +10A 5 /i*TY(y e m 2 *y e t) + 30A^*Tr (y u yjm 2 *) 

+ 30A 5 ^Tr(y i m 2 *y i j)) (A.76) 



A. 10 Soft-Breaking Scalar Masses 

= yfffi ( " 2Tr(m 2 ) - m| d - Tr(m 2 ) + + Tr(m 2 ) + Tr(m 2 ) + Tr(m 2 )) 
Tr2Ul(l,l) = ^ 5 2 (2Tr(m 2 ) + 3m^ + 3m^„ +3Tr(m 2 ) +6Tr(m 2 ) +8Tr(m 2 ) +Tr(m 2 )) 
0"3,l = ^^#1 ( _ 9 S r l m ^ d ~ 45 92 m H d + 99fm 2 Hu + 45g%m 2 Hu 
+ 30 ( - m 2 Hu + m 2 Hd ) \X S \ 2 + 90 ( - m\ u + m^) |A T | 2 

-9£ 2 Tr(?n 2 ) - 45g 2 2 Tr(m 2 ) + 5 2 Tr (?n 2 ) + 45g 2 2 Tr (m 2 ) + SO^Ti^n 2 ) + 4 5l 2 Tr (m^) 
+ 80 5 2 Tr(m 2 ) + 36 5 2 Tr(m 2 ) - 32 5 2 Tr(m 2 ) - 160 5 2 Tr (m 2 ) + 9Qm 2 Hd Tr (Y d Yl) 
+ 30m^Tr(yy e t) - 90m 2 H u Tr (y u Y^ - 60TV (y^m 2 ,*) - 30Tr (y d m 2 *yj) 
- 60TY (y e yjmf) +30Tr(Y e m 2 *y e t ) + 120Tr (Y u y,Jm 2 *) - SOTY^m 2 *^^) 
^2,2 = ^ (3Tv(m 2 ) + 6m 2 T + m\ d + + Tv(m 2 )) 

^2,3 = ^(lOm 2 , + 2Tr(m 2 ) + Tr(m 2 ) + Tr(m 2 )) (A.77) 
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$\ = -^9lmi\ 2 - f fflll^sl 2 - 6<? 2 1|M 2 | 2 + 2m\Y\Y d + 2m 2 H Y^Y u + 2A 

+ 24A, + m\Y\Y d + m\Y}j u + 2Y\m 2 d Y d + Y^Y d m 2 q + 25^™^ 

+ Y^Y u m 2 q + -— ^l CTl>1 
v lo 

^ = +|^l|Af 2 | 2 + 69<7 2 4 1|M 2 | 2 + 32 5 2 5 2 1|M 2 | 2 

+ ||<? 2 (l5 (lOgf M 3 + 3 5 2 (2M3 + M 2 ) ) + 5 2 (2M3 + Mi) ) 1M 3 * 
+ X -g\g 2 M x \Ml + 16 5 | 5 |M 3 1M 2 * 

+ ^fm^yj^ - 4m 2 Hd \X s \ 2 YjY d - 2m 2 H JX s \ 2 YjY d 

- 2m 2 \X s \ 2 YjY d - 12m 2 Hd \X T \ 2 Y}Y d - 6m 2 H JX T \ 2 Y}Y d 

- 6m 2 T \X T \ 2 YjY d - 2\A s \ 2 Y ] d Y d - 6\A T \ 2 Y^Y d - 2X s A* s Y^A d 

- 6X T A* T Y^A d + \glm 2 H Y^Y u - 2m 2 Hd \X s \ 2 Y^Y u - Am 2 Hu \X s MY u 

- 2m 2 s \XsMY u - 6m 2 Hd \X T \ 2 YjY u - 12m 2 H JX T \ 2 Y^Y u 

- 6m 2 T \X T \ 2 YjY u - 2\A s \ 2 YjY u - 6\A T \ 2 Y^Y U 

+ i^alMt ( (5 (l6gi (2Mi + M 3 ) + 9g 2 (2Mi + M 2 ) ) + 597<? 2 Mi) 1 

+ i8o(2M 1 y]y d - 23^+A + 4M 1 yJy 1 - yjA*)) 

- 2AsAjy B t Au - 6X T A* T YjA u - ^AM^ + ^g\A d A d 

- 2|a 5 | 2 4a - 6|a t | 2 4a - |^Mi4y u + |^4Ai 

- 2|A 5 | 2 4A - 6|A T | 2 4A + \g\m 2 q Y\Y d - \X s \ 2 m 2 g Y^Y d 

- 3|A T 1 2 m 2 y]y d + ^g 2 m\YlY u - \X s \ 2 m 2 q Y^Y u 

- 3|A T | 2 m 2 yty u + \g\Ylm 2 d Y d - 2|A s | 2 yJm 2 ,y 

- 6|A T | 2 yJm 2 y + ^i 2 y]ym 2 - |A 5 | 2 yjym 2 

- 3|A r | 2 y]ym 2 + \gMm 2 u Y u - 2\X s \ 2 Y^m 2 u Y u 

- 6\X T \ 2 Yjm 2 u Y u + ^g\YlY um \ - |A 5 | 2 y]y u m 2 

- 3|A T | 2 y|y u m 2 - 8m% d YjY d YjY d - ^ d Y d A\A d - \Y\A d A\Y d 

- 8m 2 H Y^Y u Y^Y u - AY^Y U A{A U - 4Y^A u AIy u - 4A d Y d Y^A d 

- 44AyJy - 44y u yjA - 44AyJy u - 2?n 2 yjyyj"y 

- 2m 2 XY u YjY u - \Y\m 2 d Y d YlY d - 4YjY d m 2 q YjY d - 4YjY d Yjm 2 Y d 

- 2Y ] d Y d Y ] d Y d m 2 q - AY^m 2 u Y u Y^Y u - 4Y^Y u m 2 Y^Y u - AY^Y u Y^m 2 u Y u 
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- 2Y^Y u Y^Y u m 2 q - 2\%A\Y d A s - 2\* S A{Y U A S - 6X* T A d Y d A T 

32 2 / \ 1 

- 6\* T AlY u A T + 6 9 |la 2 ,2 + ^9^2,3 + — <7 2 1TY2U1 1, 1 + A-= 9l la 3>1 

o lo v / vl5 

" 12m 2 Hd Y}Y d Tr(Y d Y}) - 6A d A d Tr(Y d Yj) - 3m 2 Y}Y d Tr (Y d Yj) 

- 6Y}m 2 d Y d Tr(Y d Y^ - 3YjY d m 2 q Tr (Y d Y^ - 4m 2 Hd Y^Y d Tr (Y e Y^ 

- 2A d A d Tr(Y e Y^ - m 2 q Y^Y d Tv (Y e Y e ^ - 2Y}m%Y d Ti (Y e Y}) 

- YjY d m 2 q Tr(Y e Y^ - 12m 2 H Y^Y u Tr (y u Y^) - QA{A u Tt(y u Y^) 

- 3rn 2 Y^Y u Tr(Y u Y^ - 6Y^m 2 u Y u Tr (y u Y^ - 3Y^Y u m 2 Tr (y u Y^ 

- 6A d Y d Tr(Y}A d ) - 2A d Y d Tr (y$ A e ) - 6AIy u Tt(y^A u ^ 

- ^ d A d T,(A d Yj) - 6Y}Y d Tr(A* d A^ - 2Y}A d Tr^A* e Y^ 

- 2YlY d Tv[AlAt) - 6YjA u Tr(A* u Yj) - GYfaTrfajfy 

- 6Y^Y d Tv(m 2 d Y d Y^ - 2YjY d Tr (m 2 e Y e Y^ - 2YjY d Tr (mf Y^ 

- 6Y}Y d Tr (m 2 q Y\Y d ) - 6Y^Y u Tv (mffiY^ - 6Y^Y u Ti (m 2 u Y u Y^ (A.79) 
= --^llMil 2 - 6g 2 2 l\M 2 \ 2 + 2m 2 Hd Y^Y e + 2A\A e + m 2 Y}Y e + 2Y^m 2 e Y e 

+ Y^Y e m 2 -^ 9l la hl (A.80) 

= + ^g 2 (ll5g 2 M 2 + 3gj(2M 2 + Mi))lM 2 * + ^-g 2 m 2 Hd Y^Y e - Am 2 Hd \\ s \ 2 Y^Y e 

- 2m 2 H J\ s \ 2 YjY e - 2m 2 \\ s \ 2 YjY e - 12m 2 Hd \X T \ 2 Y^Y e 

- 6m 2 Hu \X T \ 2 Y^Y e - 6m 2 T \X T \ 2 Y^Y e - 2\A s \ 2 Y^Y e - 6\A T \ 2 Y^Y e 

+ ^glM?( - 20y e U e + 3(5 52 2 (2M! + M 2 ) + mgjM^l + AOM^Y^ - 2X s A* s Y^A e 

- 6\ T A* T Y^A e - X ^g\M x A\X e + X ^g\A\A e - 2\\ s \ 2 A\A e 

- Q\\ T \ 2 A\A e + ^g 2 m 2 Y^Y e - \X s \ 2 m 2 Y^Y e - 3\X T \ 2 m 2 Y^Y e 

+ ^g 2 Y^m 2 e Y e - 2\\sMm 2 e Y e - 6\\ T M ™ 2 e Y e + \g 2 Y^Y e vfi 2 
5 5 

- \XsM Y e m 2 - 3\X T \ 2 Y e ^Y e m 2 - 8m 2 Hd Y^Y e Y^Y e - AY^Y e A\A e 

- AY}A e A\Y e - AA\Y e Y^A e - AA\A e Y^Y e - 2m 2 Y^Y e Y^Y e 

- AY}m 2 Y e Y^Y e - AY e ^Y e mfY e ^Y e - AY e ^Y e Y^m 2 e Y e - 2Y e ^Y e Y^Y e m 2 

- 2\* s A\Y e A s - Q\* T A\Y e A T + 6<? 2 4 1<t 2 , 2 + ^ 2 lTr2Ul(l, l) - A^- gi la^ 

- 12m^y e ty e Tr (y d y]) - QA\A e Tt{Y d Y^ - 3m 2 Y^Y e Ti (y d yj) 
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- ey e t m e 2 y e Tr(y d y]) - 3Y^Y e mfTr(Y d Y d ^) - 4m^y e ty e Tr(yy e t) 

- 2AlA e Tr(Y e Y^ - m 2 Y^Y e Tr(Y e Y^ - 2Y*m 2 e Y e Tr(Y e Y^ 

-y e ty e m z 2 Tr(y e y e t) -6Aty e Tr(y d %) -24y e Tr(y e U e ) 

- 6y e tA e Tr(^j) - 6y e ty e Tr(A^j) - 2Y} A e Tr(A* e Y?) 

- 2Y*Y e Tr(A* e A^ - 6Y^Y e Tr(m 2 Y d Y^ - 2Y^Y e Tr(m 2 e Y e Y^ 

- 2y e ty e Tr (m 2 y e ty) - qy}y £ Ti (m^yjy^ (A.si) 

/?$ = -\gl\Mr\ 2 - Gg 2 \M 2 \ 2 + 2m 2 Hd \X s \ 2 + 2m 2 Hu \X s \ 2 + 2m 2 \X s \ 2 + Qm 2 Hd \X T \ 2 + 6m 2 H JX T \ 2 

+ 6m 2 -. | At | 2 + 2\A S \ 2 + 6|A T | 2 - <7i<n,i + 6m^Tr(y,yj) + 2m^Tr (yyj) + 6Tr(^) 

+ 2Tr^*^) +6TV (m^y d yj) (m 2 y e y e t ) + 2Tv('m 2 y e t y e ) + 6TY (m 2 q Y ] d Y d ^ 

(A.82) 

^1 = 2^5 ( 5 ' Ml * ( 621 ^ Ml + 9 ° 5 2 M i + 45 9 2 2 M2 - 40M!Tr (y d yj) + 120MiTr (v e Y^ + 20Tr (yJa^ 
-60Tr(y e U e )) 

+ 5(3^ Ml(\\hg\Mi + 3# 2 (W 2 + Mi) + 40A T (W 2 A T - A T )} 

- 2( - eO^m^JATl 2 - GO^m^jATl 2 - 60 9 2 ?4|A T | 2 - 60<? 2 V T | 2 

+ 30 (m 2 ^ + m 2 ^ + mfj X 2 s X*f + l50m 2 Hd A|A T ' 2 + 150m^A^A T ' 2 + lSOmlA 2 ^ 2 

+ 60g 2 M 2 X T A* T + 30|A r | 2 A^ 5 + 104((4m 2 + m\ d + m^) k s \X s \ 2 + A* s (k s A s + X S A^ 

+ 30X s XtA* s A t + 300|A T | 2 A T ^ T - 15g$a 2 ,2 - 30?TWUl(l, l) + 2v / 1%i<t 3) i 

+ 2 5 2 m 2 , (i Tr(y fi y]) - SO^mf^Tr^yj) -160g 2 |M 3 | 2 Tr(y d y]) 

- 6 5 2 m^Tr(yy;) +45m 2 / JA T | 2 Tr (y u yj) +90m 2 ^JA r | 2 Tr(y i y u t) 

+ 45m 2 ,|A T | 2 TY(y i y i t) +15|A 5 | 2 Tr(y i y u t) +45|A T | 2 Tr(y t y u t) +80 9 2 M 3 *Tr(y d %) 

+ 15A 5 ^Tr(y u tA u ) +45A T A T Tr(y u U u ) -2 5 2 M!Tr(^j) +80 5 2 M 3 TY(^yj) 

+ 2<7 2 Tr(^Aj) -80<7 3 2 Tr(^) + G^MxTr (^Yf) - 6g 2 Tr (a*j£) 

+ 45A^ T Tr(A;yj) + 45| A T | 2 Tr (A* u Al) + 2g 2 Tv (m 2 Y d Y^ - 80 5 2 Tr (m 2 Y d Y^ 

-6<7 2 Tr(m 2 yy e t) -6 5 2 Tv(m 2 y e ty) + 2<? 2 Tr (m 2 q Y ] d Y d ) - 80g 2 Tr (m 2 y]y d ) 

+ 45|A T | 2 Tr(m 2 y ? Jy i ) + 45|A T | 2 Tr (m 2 u Y u Y^ 

+ 5X* S (6 (2m^ d + 2m 2 Hu + m| + m T ) A 5 |A T | 2 + 2A* K (k s A s + A 5 ^ K ) 
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+ 3(4A 5 |^5| 2 + 2Ai(\ s A T + X T A S ) + m 2 Hd X s Tr (y u y£) + 2m 2 Hu X s Tr (y u y£) 
+ m 2 s \ s Tr(Y u Y^ 

+ A 5 Tr(^yj) + \ s Tr (A* u Al) + X s Tr (m^y„) + A S TV (mfr^) ) ) 

+ 90m^Tr(y d yiy d yi) + 90Tr(y rf y]A d 4) + i5m^Tr(y d y u ty u yi) 

+ i5m| u iY(y d y u ty u yj') + i5Tr(y d y u tA u 4) +m±(Y d A] l A d Y£) 

+ i5Tv(y d A^„yj) +30m| d iY(y e y e t y e y e t ) +30iY(y e y e U e 4) +30Tv(y e A^ e y e t) 

+ 15TY (y u y]^4) + i5Tv(y w 4^ d y u t) + qotv (m^y d yjy d yj) + ^(m^y^y]) 

+ 30TY (mlY e Y}Y e Y^j + 30TY (mfyjyyjy) + 90TV (m 2 yjy d yj Y d ^ +15Tr(m 2 q YjY d Y^ 

+ 15Tr (m^y u ty u y]y d ) + 15Tr (m 2 u Y u YjY d Y^ ) ) ) (A.83) 

= -^glW - 6g 2 2 \M 2 \ 2 + 2m 2 Hd \X s \ 2 + 2m 2 Hu \X s \ 2 + 2m 2 \X s \ 2 + 6m 2 H JX T \ 2 + 6m 2 H JX T \ 2 

+ 6m 2 T \X T \ 2 + 2\A s \ 2 + 6\A T \ 2 + yj^gia^ + 6m 2 H Tr (y u yJ) + 6Tr (a* u A%) + 6Tr(m 2 y u ty «) 
+ 6Tr(m 2 u Y u Y^j (A.84) 
= (g\Mt ( - 40TY(y u U n ) + 45 5 2 M 2 + 621^ Ml + SOA^Tr (y u Y^ + 90$§Mi) 
+ 5(3glM; (ll5g^M 2 + 3gj(2M 2 + M^j + 40A^ (W 2 A T - A r )) 

- 2( - 60<7|m^|A T | 2 - 60<7im^JA T | 2 - 60 92 2 m^|A T | 2 - 60<?1|.4t| 2 

+ 30 (m 2 ^ + m 2 ^ + m|) A|A^ 2 + lSOm^A^A^ 2 + 150m 2 Hu X 2 T X*/ + 150m 2 -. A 2 - A^ 2 

+ 60 5 |M 2 A T ^ + 30|A T | 2 A^ 5 + 104 ((4m| + + m 2 H ^K S \X s \ 2 + A* s (k s A s + A 5 ^ K )) 

+ 2>QX S X* T A* S A T + 300|A T | 2 A^ T - 15c/|cj 2 , 2 - 33 2 Tr2Ul(l, l) - 2\f\5g 1 az >l 

+ 90m 2 ,JA r | 2 Tr(y d y]) +45m 2 ,JA T | 2 TY(y d y d t ) + 45m 2 .) A r | 2 Tr (y d yj) 

+ 15\A s \ 2 Tr(Y d Y^ + 45|A T | 2 Tr(y d y]) + 30m^|A T | 2 Tr(yy e t) + 15m 2 H JX T \ 2 Tr(Y e Y^ 

+ 15r4|A T | 2 T>(y e y e t) + 5|^ 5 | 2 Tr(y e y e t) + 15|A T | 2 Tr(yy e t) - Ag 2 m 2 Hu Tv{Y u Y^ 

- 80g 2 m 2 Hu Tr(Y u Y^ - l60g 2 \M 3 \ 2 Tv(Y u Y^ + 15X s A* s Tr (y}A^ + 45A T ^Tir {y} Aj) 
+ 5X s A* s Tt(y^A^ + 15A T ^Tr(y e tA e ) + 80 ff 2 M 3 *Tr (y„U u ) + 45A^ r Tr(^yj) 

+ 45|A T | 2 Tr(^4f) + 15A^^ T TY^y e T ) + 15|A r | 2 TY^^) + 4 5 2 M!Tr^yj) 
+ 80 ff 2 M 3 Tr(A;yj) -4 5 2 Tr(A;<) -80 ff3 2 Tr(A:<) +45|A T | 2 TY(m^yj) 
+ 15|A T | 2 Tr(m 2 y e y e t) + 15\X T \ 2 Tr(m 2 Y^ + 45|A T | 2 TY(m 2 y d t y (i ) 
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+ 5A^(6(2m^ d + 2m 2 Hu + mf + mty X S \X T \ 2 + 12X S \A S \ 2 
+ 6X S \A T \ 2 + 6X T A* T A S + 2A* K (k s A s + A 5 A K ) 

+ 6m 2 Hd X s Tv (y d yj) +3m 2 Hu X s Tr(Y d Yj') + 3m 2 X s Tv (v d Y^ + 2m 2 H X s TY (v e Y^ 

+ m 2 Hu X s Tz(Y e Yf) +m|A s Tr(y e y e t) +3A 5 Tr(^F d T ) + 3A 5 Tr(^j) + A 5 Tr(^if ) 

+ A 5 Tr(,4*4F) + 3A 5 Tr(m2y d yt) + A 5 TY (m 2 y e y e t) + A 5 Tr (mfyjy) 

+ 3A 5 Tr(m2yJy)) 

- 4g 2 Tv(m 2 XY u ) - 80 9 2 Tr (m^y,) - Ag 2 Tv[m 2 u Y u Y^ - Wg 2 Tr(m 2 u Y u Y^ 

+ i5m| d TY(y d y u ty w yJ) + lSm^Tr^y^yJ) + i5Tr(r^A,4) 

+ 15Tr(y4^ u y]) + 15Tr (Y u Y}A d Aty + 90m^Tr (y u Y*Y u y£) + 90Tr (y^A^t) 
+ 15I¥(y u ^A d y u t) + 90Tr(y w 4A u y„t) + 15Tt (m 2 d Y d Y^Y u Y^ 

+ 15TV (m^yjy d yjy„) + i5Tr (m^ty.yjy/) + 90Tr(m 2 y u ty 1 yj-y i ) 

+ 15TY (m 2 y u yty d y u t) + 90Tr (m 2 u Y u Y^Y u Y^ ) ) ) (A.85) 
P% = -^dlmi? - f 5|1|M 3 | 2 + 4m^y,yt + <lA d A d + 2m 2 Y d Yj + AY d m 2 q Y^ 

+ 2Y d Yjm 2 + 2-^=g 1 la 1)1 (A.86) 
V 15 

^ = +§^1 (2ff? (2M 3 + Mi) + 75^M 3 ) 1M| + m| d y d yj- + 12 52 2 m ^y d yt 

+ 24 52 2 |M 2 | 2 y d y] - SmfjJAsl^yJ - 4m|jA s | 2 y d yi 

- 4m 2 |A 5 | 2 y d yj- - 24m 2 ,JA T | 2 yyj- - 12m 2 H JX T \ 2 Y d Yj 

- 12m 2 T \X T \ 2 Y d Yj - 4|A 5 | 2 yy] - l2\A T \ 2 Y d Y ] d - ^g 2 MiY d A d 

- \2g 2 M 2 Y d A\ + ^glM{ (2 (3(% 2 Mi + 40<? 2 (2M1 + M 3 ) ) 1 - 454**2 + GOM^y]) 

- 12 5 2 M 2 *A d yj - AX s A* s A d Yl - 12X T A* T A d Yj + \g\A d A\ 
+ 12 5 2 A^ - A\X s \ 2 A d A\ - 12\X T \ 2 A d A\ + ^g 2 m 2 Y d Yl 

+ 6g 2 2 m 2 Y d Yj - 2|A s | 2 m 2 y,y d t - 6|A T | 2 m 2 yyj" + ^g 2 Y d m 2 q Yj 

+ i2 5 2 ym 2 yj - 4|A5| 2 y d m 2 yi - 12|A T | 2 ym 2 y] + 2 -g 2 Y d Ylm 2 

+ Qg 2 2 Y d Yjm 2 - 2\X s \ 2 Y d Yjm 2 - 6\X T \ 2 Y d Yjm 2 - Sm 2 Hd Y d Y}Y d Y\ 

- 4Y d YjA d A d - 4m 2 Hd Y d Y^Y u Yj - 4m 2 Hu Y d yj Y u Y d 

- AY d Y^A u A\ - 4Y d A d A d Yj - 4^44**2 - AA d Y ] d Y d A\ 
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- \A d YlY u A\ - \A d A\Y d Y\ - ±A a A\J u y\ - 2m 2 Y d YjY d Yj 

- 2m 2 d Y d YjY u Y} - 4Y d m 2 Y d Y d Y d - 4Y d m 2 Y^Y u Yj - AY d Y d m d Y d Y d 

- W d Y\Y d m\Yl - 2Y d Y\Y d Y\m\ - 4Y d Y^m 2 u Y u Yj - 4Y d Y^Y u m 2 Yj 

- 2Y d Y^Y u Y ] d m 2 - AX* s Y d A d A s - \2X* T Y d A ] d A T + y 5 |la 2 , 3 + ^<? 2 lTr2Ul (l, l) 
+ 8^=^los,i - 2Am 2 H Y d YjTr{Y d Y}) - UA^Tr (y^) 

- 6m 2 Y d YjTr(Y d Yj) - 12Y d m 2 q Y}Tr{Y d Yj) - 6Y d Yjm 2 Tr (y.yJ) 

- 8m 2 Hd Y d Y}Tr(Y e Y^ - AA d A\Tr{Y e Yf) - 2m 2 Y d YjTr (y £ Y^ 
-W d m 2 q Y}Tr(Y e Y^ - 2Y d Yjm 2 d Tr(Y e Y^ - 12^4^(1^^) 
-AY d A\Tv(Y}A e ) - 12A d Y^(A* d Yj) - l2Y d Y^{A d A^) 
-AA d YjTr(A* e Y^ - ^yJt^^T) - 12Y d Y}Tr(m 2 Y d Y}) 

- 4Y d YjTv (m 2 e Y e Y^ - 4Y d Y^Tr (m 2 Y^ - 12Y d Y}Tr (m 2 Yj y) (A.87) 

= -§5?l|Mi| 2 - y g 2 3 l\M 3 \ 2 + 4m 2 H Y u Yj + 4A u Al + 2m 2 u Y u Y^ + 4Y u m 2 Y^ 

+ 2Y u Ylm 2 u - A^= 91 lax,! (A.88) 
V 15 

= ( 75 ^ M 3 + 8g 2 (2M 3 + Mi)) 1M| - ^m^Y^t + 12 5 1^^^1^ 

+ 24 52 2 |M 2 | 2 y u y u t _ 4m 2 Hd \\s\ 2 Y u Yj - 8m 2 H jX s \ 2 Y u Y^ 

- Am 2 \X S \ 2 Y U Y^ - l2m 2 Hd \X T \ 2 Y u Y^ - 24m 2 H JX T \ 2 Y u Y^ 

- 12m 2 \X T \ 2 Y U Y^ - A\A S \ 2 Y U Y^ - 12|A T | 2 Y u Yj + \g 2 M x Y u A\ 

5 

- \2g\M 2 Y u A\ - \2g\MlA u Yl - 4X S A* S A U Y^ - 12X T A* T A U Y^ 

+ l^dlMt (45 ( - 2M x Y u Yl + A u Yl) + S^l^Mx + 40<? 3 2 {7M X + M 3 )) l) - 

+ 12 5 2 ^ u 4 - 4|A 5 | 2 ^4 _ \ 2 \X T \ 2 A u Al - \g 2 m 2 u Y u Yl 

5 

+ 6g 2 2 m 2 u Y u Yl - 2\X s \ 2 m 2 u Y u Yl - 6|A T | 2 m 2 YYj - \g\Y u m 2 q Yl 

+ 12 5 2 Y u m 2 Yj _ 4|A s | 2 Y u m 2 Yj ~ 12|A T | 2 Y u m 2 Yj _ p 2 Y u Y^m 2 u 

+ 6g 2 Y u Y^m 2 u - 2\X s \ 2 Y u Y^m 2 u - 6\X T \ 2 Y U Y^m 2 u 

- 4m 2 Hd Y u YjY d Yj - Am 2 H Y u Y ] d Y d Y^ - \Y u Y\A d A\ 

- 8m 2 H Y u YjY u Yt - AY U Y^A U A{ - AY u A d A d Y^ - 4Y U A{A U Y^ 

- 4A u Y d Y d A~l - 4A u Y^Y u Al - AA u A ] d Y d Y^ - AA U A{Y U Y^ 

- 2m 2 l Y u Y d Y d Y^ - 2m 2 u Y u Y^Y u Y^ - AY u m 2 Y d Y d Y^ - AY u m 2 Y^Y u Y^ 

- W u Ylm 2 d Y d Yl - AY u Y^Y d m 2 X ~ 2Y u YjY d Y^m 2 u 
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- 4Y u Yjm 2 u Y u Yj - 4Y U Y^ Y u m 2 q Y^ - 2Y u Y t \Y u Y^m 2 u - AX* s Y u A{As 

- 12X* T Y u AtA T + y<7 3 4 1^2,3 + ^<7?lTr2Ul(l, l) - 16-^= 5l la 3 ,i - 2Am 2 H Y u Y^(Y u Y^ 

- 12 A u A{Tt{y u Y^ - 6m 2 u Y u Y^Tr(Y u Y^ - l2Y u m 2 q Y^(Y u Y^) 

- 6Y u Yjm 2 u Tr(Y u Y^ - 12Y u AlTr (y^A u ) - 12A U Y^A* U Y^ 

- l2Y u Y^(A* u Al) - l2Y u Y^Tv(m 2 XY u ) - UY u Y^Tr (m 2 u Y u Y^ (A.89) 
= -y^llMil 2 + 2(2^4 + 2m 2 Hd Y e Yl + 2Y e m 2 Y} + m 2 e Y e Y} + Y^m 2 ) 

+ 2J^g 1 la 1>l (A.90) 

P% = ^dlMt^UglMa + 5( - 2M x Y e Yl + Ajtfj) + 20 5l l(3 5l Tr2Ul(l, l) + Vl5<7 3) i) 

- h(?>QglM%A e Y} + WX s A* s A e Y^ + 30X T A* T A e Y^ + §g\A e A\ 

- mg\A e A\ + 10\X s \ 2 A e Al + 30|A T | 2 ^ e 4 + 3g\m 2 e Y e Y^ 

- l5g 2 m 2 e Y e Y^ + 5| X s \ 2 m 2 e Y e Y^ + 15\X T \ 2 m 2 e Y e Y^ + 6g 2 Y e m 2 Y^ 

- 30g 2 2 Y e m 2 Yj + W\X s \ 2 Y e mM + 30| X T \ 2 Y e m 2 Y^ + 3g 2 Y e Y^ e m 2 e 

- lhg 2 2 Y e Y^m 2 e + 5| X s \ 2 Y e Y^m 2 e + lh\X T \ 2 Y e Y^m 2 e + 20m 2 Hd Y e Y^Y e Y^ 
+ WY e Y^A e Al + lQY e A\A e Y} + lOA e Y%Y e A\ + lQA e A\Y e Y^ 

+ bm 2 e Y e Y}Y e Y} + lOYemfy^FeyJ + XW^mlY^ + WY e Y^Y e m 2 Y^ 

+ sy^y^™ 2 + 30A e 4iY (y d yj) + i5m 2 y e y e tTr(y d yJ) 
+ 3oy e m 2 y e tTr(y d yj) + 15^1^1* (r^) + io^ e 4Tv(y e y e t) 
+ 5m„ y e y e tr rr(y e y/) + ioy e m 2 y e tr Tr(y e y e t) +5y e y e t m 2 Tr(y e y/) 

+ y e 4(lOA^A s + 10Tv(V e U e ) + 30<?|M 2 + 30A^A T + 301^%) - 6# 2 Mi) 

+ 30^ e y e tTv(^yj) + i(L4 e y e tTr(yi:y e r ) 

+ 2y e y e t(3 5l 2 m| fd - 15g 2 m 2 Hd - 30g 2 \M 2 \ 2 + h{2m 2 Hd + m 2 Hu + m 2 ) |A 5 | 2 
+ 30m 2 ,JA r | 2 + 15m 2 JA T | 2 

+ 15m 2 T \X T \ 2 + 5|A 5 | 2 + 15|^ r | 2 + 30m^Tr (Y d Y^ + Wm 2 Hd Tr (Y e Y^ + 15TV^Aj) 

+ 5Tr(A*^) + 15Tt (m 2 d Y d Y^ + 5Tr (m 2 e Y e Y^ + 5Tr (m 2 ^) + 15Tr (m 2 y]y d )))) 

(A.91) 

/3« = 4(3m 2 |k 5 | 2 + (m^ + + m 2 ) |A 5 | 2 + | A K | 2 + \A S \ 2 ) (A.92) 
^ = -l(l20m 2 44< 2 + 20(m 2 Hd + m\ u + m|)A|A*' 2 

+ 2§k* s (\k s \A k \ 2 + (Am 2 s + "4 d + m L) K sl A ^| 2 + A* s (k s A s + X s A^j 
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+ A* s (a s (- 15 5 1 + 15Tr(y d y]) + 15Tv(Y u Y^ + 30|A T | 2 - 3g\ + 5Tr(Y e Y e ^ 

+ X s (l5g 2 2 M 2 + 15Tr(yJ^) + 15Tt(y^A^ + 30X* T A T + 3 5 2 Mx + 5Tv(y e W))) 

+ A s( - 3glm 2 Hd \ s - lhglm 2 Hi \ s - 3glm 2 Hu X s - 15g 2 m 2 Hu X s - 3gfm 2 s X s - 15gjm 2 s X s 

+ 60m^A 5 |A T | 2 + 60m 2 Hu X s \X T \ 2 + 30m|A 5 |A r | 2 + 30t4A 5 |A t | 2 + 20X S \A K \ 2 + 40X S \A S \ 2 

+ 30X S \A T \ 2 + 20k s A* k A s + 30X T A* T A S + 3g 2 M^ ( - 2M 1 X S + A s ^j + 15<?|M 2 * ( - 2M 2 X S + A s ^j 

+ 30m 2 Hd X s Ti(Y d Y^ + 15m^ X s Tr (y d yj) + 15m 2 X s Tr(Y d Yp) + lOm^AglY^yj) 

+ 5m 2 fu A 5 T>(y e y e t) +5m 2 A 5 Tr(y e y e t) + 15m 2 Hd X s Tr(Y u Y^ + 30m 2 Hu X s Ti(Y u Y^ 

+ 15m 2 A 5 Tr(y t y u t) + 15^Tr(^j) + 15A 5 Tr(^4f) + 5A s Tv(^A* e Y e T ) + 5A 5 Tr(^^) 

+ 15A s Tr(A* u Y^ + 15X s Tr (A* u Aty + 15A 5 Tr (m 2 Y d Y^ + 5A 5 Tr (m 2 y e y £ t) 

+ 5A 5 Tr(m 2 y e ty) + 15A <jTV (m 2 yjy d ) + 15A 5 Tr {m 2 q Y^Y u ) + 15A 5 Tr (m^yj))) 

(A.93) 

0® = 4( - 4 ff 2 |M 2 | 2 + (mlr d + m 2 Hu + m 2 T ) \X T \ 2 + \A T \ 2 ) (A.94) 
P% =~t(~ ^ll^H 2 + 5 5 2 Vt| 2 + 6o(m^ + m 2 Hu + yn^A 2 ^ 2 + 3g 2 1 M l X T A T - hg 2 M 2 X T A T 
+ lOArA^^s + IQ\X S \ 2 A* T A T - hg 2 2 Ml(l§g 2 2 M 2 + A^( - 2M 2 X T + A T X) - 2§g\o 2 , 2 
+ 15|^ r | 2 Tr(y d yj) + 5\A T \ 2 Tr(Y e Y^ + 15| A T \ 2 Tv (y u y£) + 15A T ^Tr (yJa^) 
+ 5A T ^Tr(y e t^l e ) + 15At^t^(^J^«) 

+ Xt(- 3g 2 m 2 Hd X T + 5g 2 m 2 Hd X T - 3gfm 2 Hu X T + 5g 2 m 2 Hu X T - 3g\m T X T + hg\m\X T 
+ 10(2m^ d + 2m 2 Hu + m| + m 2 .) A T |A 5 | 2 + 10A T |^ 5 | 2 + 120A t |^t| 2 
+ WX S A S A T + 3g\M{ ( - 2M X X T + At) 

+ 30m^ d A T Tr (y^yj) + 15m|, A T TV (y^) + 15m|A T Tr (y d yj) + 10m^A r Tr (Y e Y e t) 

+ 5m^A r Tr(yy e t) + 5m| A T Tr (V e Y e t) + 15m^A T Tr (y u y£) + 30mf^ X T Tr (y u Y^ 

+ lhm 2 T X T Ti(Y u Y^) + 15^L T Tr (^yj) + 15A T TY(A^4j) + 5A T Tr(A* e Y^ + 5A t Tt(A*^) 

+ 15A t Tt(a* u Y^ + 15A T Tr(^<) + 15A T Tr (m 2 Y d Y^ + 5A T Tr (m^/j) 

+ 5A T Tr(m 2 y e ty e ) + 15A T Tr (m 2 Y]Y d ) + 15A T Tr (mjYjYu) + 15A T Tr (m 2 Y u Y u t) ) ) 

(A.95) 

P§ =-24g 2 \M 3 \ 2 (A.96) 
P i2 l =24 9 |(l5|M 3 | 2 + C T 2 ,3) (A.97) 
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